Global warming, which is representatively caused by CO 2 -based greenhouse gases, has caused widespread concern in the global scientific community and gets the high attention of each government in the world. Human activities impact climate change through greenhouse gas emissions and land use changes. The current study on the impact of urbanization on the annual average temperature of the recent 60 years in Beijing was conducted using 1951-2012 temperature data. Anomaly analysis, quadratic polynomial trend method, and moving average method were employed to indicate the temporal variation of temperature. The results showed that average temperature increased both in urban and rural areas. The temperature of urban Beijing increased during the period from 1951 to 2012, especially from 1971 to 1994. The temperature of rural Beijing showed a faster increase than that of the urban area from 1989 to 1998. However, the rate of temperature increase slowed down in recent years. This type of change was temporally consistent with the process of land use change and urbanization in Beijing. Economic restructuring and improvement of urban planning may have been one of the reasons that the regional warming has been slowed down in the rural area.
Introduction
Global warming, which is representatively caused by CO 2 -based greenhouse gases, has caused widespread concern in the global scientific community and gets high attention of each government in the world [1, 2] . IPCC (Intergovernmental Panel on Climate Change) (2013) [2] reported that the increase of carbon dioxide and other greenhouse gases is the major part of the human contribution to global warming. Compared with the fourth assessment report, IPCC's fifth assessment report noted that climate change is more serious than previously thought, and is very likely caused by human behavior. According to the 2013 IPCC report [2] , climate change is a definite trend and had not been predicted prior to the 1950s. Since the earliest detailed weather records in the 1850s, each of the past three decades has broken the high temperature record. The most recent 30 years may be the hottest 30 years since 1400 in the northern hemisphere. From 1880 to 2012, the average land-ocean surface temperature trended linearly upward, increasing by 0.85 ∘ C. The average temperature from 2003 to 2012 is 0.78 ∘ C higher than that of 1850 to 1900 (IPCC, 2013) . If surface temperatures continue to rise at the present rate, projections for 2050 indicate that the global temperature will rise 2 to 4 ∘ C north and south polar ice will melt significantly, causing the sea level to rise, and some island nations and coastal cities will be submerged, including the famous international cities of New York, Shanghai, Tokyo, and Sydney.
In recent years, many scholars have studied the influence of human activities (such as urbanization) on climate [3] [4] [5] [6] [7] [8] [9] . By comparing observational data from cities and surrounding rural areas, analysis showed that urbanization had a significant impact on the temperature. After analyzing the American Historical Climate Network data (1219 Station), Karl et al. [10] noted that the urbanization influence on temperature is approximately 0.06 ∘ C and Kukla et al. [11] noted that in North America the urbanization influence is approximately 0.12 ∘ C/10a. Meanwhile, many domestic scholars were studying the effect of Beijing's urbanization on temperature. Xu [12] noted that the temperature difference between the city and suburb tended to increase. After researching Beijing and surrounding cities' heat island features, Zhang et al. [13] noted that Beijing's urban and suburban temperature changes were in phase, with temperature in suburb always lower than temperature in the city. Beijing city and the suburbs' heat island effect had a noticeable rising trend, comparing the 1990s with the 1980s. Upon comparing the urban and suburban climates of Beijing, Song et al. [14] found that the average rate of temperature increase in urban area is 0.43 ∘ C/10a and in suburban is 0.21 ∘ C/10a. Lin and Yu [15] studied the significant temperature changes in Beijing and noted that its annual variation had large-scale characteristics; there was a change breakpoint in 1981 and the warming rate of the past decade was 0.125 ∘ C/10a. Zhang et al. [16] analyzed 44 years of average temperature data from 20 weather stations, and their results showed that Beijing's temperature rose over the 44 years, with a transition in the 1980s after which the warming trend was more significant. Additionally, the warming trend in urban areas was significantly higher than that in the suburbs. Spatially, there was an obvious warming center in urban areas, with warming in January, April, July, and October. The warming trend in urban areas was higher than in the suburbs. Moreover, Yan et al. [17] , Zhang et al. [18] , and Wang et al. [19] completed in-depth research on the average temperature in Beijing.
In addition to greenhouse gas emissions [20] , land use change also has important impact on climate. With the use of numerical simulations and numerical experiments for long term temperature data, many researchers believe that largescale land use or cover change will affect regional and even global climate [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Through statistical and modeling analysis of the temperature data, summary of the influence of urbanization on climate change, and research on greenhouse gas emissions, land use change, and other human impacts on temperature, previous studies have obtained many different results, but there are still two shortcomings: (1) regarding average temperature trends, all the results showed that since the 1850s, when the observational data began, the general trend is consistent with the global warming trend, and the warming trend has accelerated over the last 50 years [12, 13, 15, 17-19, 25, 30] . However, was the average temperature trend in Beijing area really consistent over the past 60 years? Are there different trends in different stages? So far, there is no clear research result. (2) Related studies have not revealed the impact of human activities (such as the change of land use types caused by urban expansion activities, industrial plant construction, and new road construction) on climate change and their interactions in the process of urbanization.
Using 1951-2012 Beijing temperature data, anomaly analysis, quadratic polynomial trend method, and moving average method, we analyzed the temperatures in Beijing on different temporal scales, explored the temperature trends, determined whether there was temporal consistency between land use change and urbanization, developed an important scientific reference for predicting future Chinese regional temperature variations, and provided a new observational basis for studying whether the urban heat island effect and land use status have a significant impact on regional climate change trends. (Figure 1 ). The western, northern, and northeastern parts of the area, accounting for approximately 61.4% of the city, are mountainous and hilly; the remainder is a plain. The city has a typical monsoon-influenced climate, characterized by hot, humid summers due to the East Asian monsoon, and generally cold, windy, dry winters in relation to the vast Siberian anticyclone. Beijing is one place that has experienced high-intensity human activity over the past one hundred years.
Data and Material
According to the urban planning of Beijing, both Dongcheng and Xicheng are traditional core function areas. Chaoyang, Haidian, Fengtai, and Shijingshan are urban expansion districts. Tongzhou, Shunyi, Fangshan, Daxing, and Changping are new urban development districts. Huairou, Pinggu, Mentougou, Miyun, and Yanqing are districts dedicated to ecological conservation.
Meteorological Data.
Meteorological data came from the China Meteorological Data Sharing Service System (http://cdc.cma.gov.cn/home.do). In this system, there are two meteorological stations in Beijing-Guan Xiang Tai (GXT) and Mi Yun (MY) (Figure 1 ). GXT, with an altitude of 31.3 meters, is located in southwestern Beijing. It is the only station that participated in the global meteorological data exchange in Beijing. The observational data from GXT were used to represent the climate conditions of the urban and plain areas of Beijing. MY, with an altitude of 71.8 meters, is located in the northern area of the city. It was named for national reference meteorological stations since 1989 and is intended to represent the weather conditions of the rural area. In this study, the monthly mean temperature data from GTX for the period 1951-2012 and from MY for the period 1989-2010 were collected and used to calculate the annual mean and seasonal mean temperatures. According to meteorological convention in Northern China, spring is from March to May, summer is from June to August, autumn is from September to November, and winter is from December to February of the following year. In addition, Mean Temperature Anomaly (MTA), Quadratic Polynomial Fitting (QPF), and a 3-year moving average were also applied to analyze the temporal variation of the mean temperature. The difference between the mean temperatures at GXT and MY was also calculated to analyze the difference between the urban and rural areas from 1989 to 2010. Beijing from 1990 Beijing from , 1995 Beijing from , 2000 Beijing from , 2005 , and 2010 were provided by the Data Center for Resources and Environmental Sciences (RESDC) of the Chinese Academy of Sciences and were interpreted from Landsat/TM images. Land use was classified into 6 types (cropland, woodland, grassland, water body, built-up land, and unused land) and 25 subtypes. This dataset has been widely applied in studies of land use, with an overall accuracy of 95% for land use types and 85% for subtypes and a Kappa coefficient above 0.81 validated by intensive field surveys [31] [32] [33] .
Land Use and Land Cover Data. Land use data for
In addition, a land use change detection matrix and dynamic index were introduced to indicate variations in land use in the city [34] . The land use change detection matrix could intelligibly demonstrate the mutual transformation among the various types of land use. The Land Use Dynamic Index (LUDI) and Bilateral Land Use Dynamic Index (BLUDI) are good indicators of the intensity of land use change as follows:
where is the area of land use of type at the beginning of the study period, is the area of type at the end of the period, ∑ is the total area of type converted into other types, ∑ is the total area of type converted from other types, is the study period, and LUDI and BLUDI are the dynamic index and bilateral dynamic index of land use type , respectively [32, 35, 36] .
Socioeconomic Data.
The socioeconomic data for this study, including population, building area, length of highway and urban road, and total energy consumption, mainly came from the Beijing Statistical Yearbooks . Data from the fifth and sixth population censuses were also employed in this paper to calculate the Population Growth Rate (PGR) in each town from 2000 to 2010 as follows:
where 2000 and 2010 represent the population in 2000 and 2010, respectively. annual mean temperature. It is worth noting that while the MTA of the mean spring, autumn, and winter temperatures showed a decrease after 2007, the MTA of the mean summer temperature still increased slowly.
Results and Discussion

The Temporal Variation of
Temperature of the Urban and Rural Areas.
Between 1989 and 2010, the average temperatures of GXT and MY were 13.1 ∘ C and 11.5 ∘ C, respectively, with a mean temperature difference of 1. ∘ C. Between 1989 and 1998, the annual mean temperature of MY increased faster than that of GXT, causing the decrease of the temperature difference.
The temporal variations of urban-rural differences of the mean temperature in autumn and winter fluctuated during the period from 1989 to 2010, especially after 2000, while those in spring and summer were much more stable and showed slight increases. The QPF of winter decreased slightly for both GXT and MY ( Figure 5 ).
Winter and summer had the largest and smallest temperature differences, respectively, which is mainly due to the coal burning for central heating from November to March in Beijing [1] . The temporal variations of the seasonal temperature differences showed a consistent trend across the annual Advances in Meteorology temperature differences. Notably, the temperature difference during spring and autumn was similar before 1997. After 1997, the temperature difference of spring decreased more than that of autumn, and after 2004, the temperature difference of spring increased less than that of autumn. Consequently, the temperature difference of spring approached to that of summer, while the temperature difference of autumn tended towards that of winter. Urbanization has caused an increase of impervious surfaces, industrial energy consumption, domestic heating, and automobile exhaust emissions as well as a decrease of green land and water surface, and it has been shown that city development is changing the thermal conditions of the city in a variety of ways, thus affecting the local temperature [37] . Most studies have shown that Beijing's temperature increased significantly in the past half century. This study also showed an increasing trend in the annual mean temperature as well as the seasonal mean temperature, especially from 1971 to 1994, mostly due to the large temperature rise in winter and spring.
Urban Development and
The urbanization of suburban and rural areas not only promoted the transfer of a large number of high-tech industries from the city to the suburbs and satellite towns, but also attracted a large number of people to these areas. According to the fifth and sixth censuses, the population of Beijing is mostly concentrated in the suburbs and surrounding districts, especially the urban expansion districts of Haidian, Chaoyang, Fengtai, and Shijingshan, which have become the most densely populated areas of the city (Figure 7 ). The temperature of rural Beijing, represented by the observations at MY, showed a faster increase than the temperature of the urban area during 1989-1998. This change was related to the rapid urbanization and the substantial population increase of the northern suburbs.
Land Use and Temperature Change.
The relationship between temperature and land use change has received considerable research attention, including research on the impact of large-scale land use change on the global climate [38, 39] and the influence of local land use change on regional temperature [30, 40, 41] .
From the land use change detection matrix for Beijing in the period of 1990-2010, it can be observed that land use change was more intensive before 2000, when there were many transfers between different land use types, especially an increase of built-up land (Tables 1 and 2 ). After 2000, transfers from cropland to built-up land continued, but the transfers between other land use types showed a substantial reduction (Table 3) . After 2005, all types of transfers decreased (Table 4) .
From 1951 to 2012, the annual mean temperature of GXT showed an overall upward trend, but the rate of the increase slowed after 1994 and there has even been a decrease since 2007. Between 1989 and 2010, the annual mean temperatures of GXT and MY only showed slight increases, and the winter temperatures decreased slightly. The temperature difference between the two stations increased after 2004. From the perspective of land use change, the large increase of builtup land and decrease of green land (cropland, woodland, and grassland) before 2000 have intensified the urban heat island effect and made a positive contribution to the regional warming. However, this part of the contribution was reduced when land use change decreased after 2000.
Since the reform and opening-up of China after 1978, the urbanization of Beijing can be divided into three stages: (1) 1978-1990, a stage of rapid development of urbanization, with an urbanization rate increase from 55% to 73.5% but with The district of Mi Yun, in which the station MY is located, has been regarded as a district dedicated to ecological conservation. Ecological protection, water conservation, tourism, and ecological agriculture became the main directions of development for this district. Consequently, economic restructuring and improvement of urban planning may have been one of the reasons that the regional warming has been ameliorated.
Conclusion
Affected by city development and global warming, the temperature of urban Beijing, represented by the observations at GXT, increased apparently during the period from 1951 to 2012, especially from 1971 to 1994. The temperature of rural Beijing, represented by the observations at MY, showed a faster increase than that of the urban area from 1989 to 1998. However, the rate temperature increase slowed down in recent years, and the winter temperature even decreased slightly between 1989 and 2010. These changes showed temporal consistency with the processes of land use change and urbanization in Beijing. Therefore, economic restructuring and improvement of urban planning may have been one of the reasons that the regional warming has been slowed down in the rural area. Nevertheless, the urban heat island effect in Beijing still needs further research attention, considering the city's large population growth and energy consumption.
